Abstract-Aluminum oxide granulate is prepared by pyrolysis of the KM 2P cationite. A pyrolysis mode of the KM 2P cationite with sorbed aluminum ions is established. Samples were investigated by X ray phase analysis and electron microscopy. The granulometric composition and specific surface are determined.
INTRODUCTION
The thermal decomposition of the ion exchange resin, which was preliminarily saturated with metal ions, makes it possible to prepare metal oxides in the form of spherical granules repeating the shape of the starting cationite. In pyrolysis conditions, the synthe sis of the necessary compound is performed by reac tions of chemical interaction between the ions arranged at atomic distances from each other rather than between the substances (oxides and salts). In addition, the "ionite-sorbed ions" starting composi tion itself is characterized by a very high concentration of sorbed ions reaching 5 mol/L. All these circum stances facilitate and accelerate the formation of the synthesized compound [1] .
The sorption with the subsequent thermolysis of the ionite was used for the first time to prepare micro spheres of plutonium dioxide [2] . Plutonium was sorbed from nitrate solutions by the Dowex 50W cat ionite; then the saturated resin was separated from the solution by filtration, dried, and combusted in a fur nace with a fluidized layer at 900-1200°C. As a result, microspheres of plutonium dioxide of the specified size and surface structure were fabricated. The same is attained when preparing uranium dioxide or a mixture of its oxides with plutonium [3] .
The pyrolysis of the ion exchange resin is applied to minimize the volume and mass of radioactive wastes [4] [5] [6] . In addition, this technology is used when pre paring sorbents. This method (pyrolysis of the Dowex 650C cation ion exchange resin) was used to prepare monodispersed spherical porous nanocrystalline parti cles of iron oxide [7] , which possessed a developed spe cific surface, high mechanical strength, and had found application in recovering arsenic from contaminated natural waters. The pyrolysis of the Duolite C20 cation ite was also used to prepare spherical carbon particles with a large specific surface (S sp ≤ 629 m 2 /g) [8] .
EXPERIMENTAL
In this study, we used the KM 2P carboxyl cation ite with sorbed aluminum ions; this cationite repre sents a macroporous copolymer of acrylonitrile and divinylbenzene. Properties of the cationite are given below:
The KM 2P cationite in the Na + form was stirred with the aluminum nitrate solution for 8 h (the metal concentration was 0.04 mol/L, pH = 3.9). The cation ite sorption capacity was 2.2 mmol Al /g at. After sorp tion, it was separated from the solution, washed with distilled water, and dried in air to an air dry state. The thermal treatment mode was selected according to the data of the thermogravimetric analysis.
To investigate the influence of the thermal treat ment temperature on the granulate properties, sam ples were calcined at t = 600, 800, and 1000°C. The thermolysis of the KM 2P carboxyl cationite was investigated using the methods of thermogravimetric analysis and IR spectroscopy. Thermograms were recorded using a Mettler Toledo device equipped with a mass spectrometer. Experiments were performed in a temperature range from 40 to 600°C in air; the heating rate was 10 K/min and the crucible material was aluminum oxide. Mass spectrometric analysis of evolving gases was simulta neously performed to identify the thermolysis prod ucts of the cationite.
Infrared spectra were recorded in wave number range ν = 4000-400 cm -1 using a VERTEX 70 device (Bruker). For this purpose, the samples of air dry ion ites in studied forms were triturated in an agate mortar and compacted into pellets with potassium bromide in ratio 1 : 100. The spectra were interpreted using the published data [9, 10] .
Investigations were also performed by X ray phase analysis and electron microscopy, and the granulom etric composition and the specific surface were deter mined.
The X ray diffraction patterns were recorded using an X'PERT PRO diffractometer in CuK α radiation and indexed using the Rietveld full profile program and the PDF 2 data file. The crystallite size in the samples was evaluated by sizes of coherent scattering region (CSR) of diffracted X rays. Its average value was determined by the Debye-Scherrer formula [11] .
The high resolution electron microscopy data were acquired using a JEM 2010 device (Japan) with a res olution of 0.14 nm at 200 keV. The electron dispersion X ray microanalysis (EDX) of the elemental composi tion of the samples was performed using the EDX energy dispersive spectrometer equipped with Si(Li) detector having an energy resolution of 130 eV.
The granulometric composition of the samples was determined by laser diffractometry using a HELOS Particle Size Analysis H1908 analyzer (Sympatec) in a size range from 0.02 to 2000 μm with computer pro cessing of the primary data. Our synthesized samples were scattered using a RODOS dispersing module. The measurement error was no larger than 1%.
The specific surface of powder samples was mea sured by low temperature nitrogen absorption (the BET procedure) using a Nova 1200e installation (Quantachrome Instruments) with an error no larger than 2%.
RESULTS AND DISCUSSION Figure 1 shows thermograms of the KM 2P cation ite with sorbed aluminum ions, and Fig. 2 shows the results of IR spectroscopy.
The total weight loss of the sample during thermol ysis in the temperature range t = 40-600°C is 92%. The endotherm is present in the SDTA curve (curve 2 in Fig. 1 ) at t = 50-300°C with weakly pronounced maxima at 100 and 200°C; it can be caused by the loss of hygroscopic water, and its extension most probably indicates the gradually flowing dehydration, which is confirmed by results of mass spectroscopy. This is accompanied by a gradual decrease in the curve of varying the sample weight ( Fig. 1, curve 1) . Four exotherms peaking at t = 350, 425, 450, and 480°C can be also distinguished in the SDTA curve (Fig. 1, curve 2) . They can be caused by the destruc tion of the cationite matrix and its oxidation. Asym metry, the flat form, and the extension of these effects indicate slow cationite oxidation. This is accompanied by considerable weight losses of the sample in the weight variation curve (Fig. 1, curve 1) .
Pyrolysis of cationite in the range t = 40-600°C can be separated into three main stages [12] .
(i) Removal of residual water and crystallization water from the cationite in the range t = 50-300°C. Uniform heating of cationite samples leads to the vio lation of the hydrate water structure, which is accom panied by the compaction of the cationite. Absorption bands ν = 3300-3500 cm -1 , which characterize valent vibrations of carboxyl group OH -and water mole cules, vanish in IR spectra [9, 10] .
(ii) Destruction of active groups of the cationite. Decarboxylation reactions start to flow at a tempera ture above 250°C. They can perform with the partici pation of residual water by the electrophilic substitu tion mechanism:
Absorption bands near 1730 cm -1 , which charac terize valent vibrations C=O in the -COOH group, vanish in IR spectra [9, 10] .
The oxidation of linear chains of cationite also starts at t > 250°C. Bands of valence vibrations near RCOOH H 2 O → RH H 2 CO 3 + + → RH H 2 O CO 2 . + + 2700 cm -1 of groups CH 3 -CH 2 -and -CH-vanish from IR spectra. A minimum is observed at 330°C in curve 6 in Fig. 1 , which corresponds to O 2 . This can be explained by the consumption of oxygen to oxidation of linear chains of cationite [9, 10] .
(iii) Thermal destruction of the cationite polymer matrix. The segment of varying the weight is reflected in the TG curve in the range t = 400-500°C. The destruction of the cationite matrix is accompanied by the evolution of CO 2 and a small amount of CO into the gas phase. Absorption bands at 1400-1430 cm -1 , which characterize valent vibrations C=C of the ben zene ring, vanish in IR spectra [9, 10] . The complete destruction of the cationite occurs at t = 550°C.
As a result of pyrolysis of the cationite, hollow spherical granules of aluminum oxide were fabricated (Fig. 3) ; the thickness of granule walls can be con trolled by varying the sorption conditions.
According to the X ray phase analysis data, our samples contain an amorphous component, the amount of which decreases as the calcination temper ature increases, and a mixture of two aluminum oxide phases: γ Al 2 O 3 with a cubic crystal lattice and δ Al 2 O 3 with a tetragonal crystal lattice. It is impossible to divide the lines of these phases because of the overlap of lines of one phase on lines of another one and the large width of lines. The CSR size in this sample, which was calcined at 1000°C, was about 7.3 nm, while in the samples fabricated at 600 and 800°C it is still smaller. Figure 4 shows X ray diffraction patterns of the samples synthesized at various temperatures of thermal treatment of the cationite.
The aluminum oxide granulate is a close packing of nanocrystallites, which is confirmed by the results of transmission electron microscopy (TEM) (Fig. 5) , according to which the block size is ~10 nm (for the sam ple calcined at t = 1000°C). These samples are suffi ciently strong mechanically and maintain a form that 500 μm 500 μm does not destruct under a weak physical effect. However, being triturated in the mortar, they can be destructed to a finely dispersed state. During the pyrolysis of cationite, shrinkage was approximately 40% of the starting resin size. Small volume shrinkage and large weight loss lead to that the fabricated samples having a low apparent density of 0.34 g/cm 3 and a relatively high specific surface up to 138 m 2 /g (table) . As the calcination temperature increases, S sp drops and the average particle diameter decreases due to sintering. CONCLUSIONS Aluminum oxide granulate is fabricated by pyroly sis of the KM 2P carboxyl cationite with sorbed alu minum ions, which can be used as the sorbent and as the additive during the compaction.
This method can be used for obtaining metal oxides, as well as carbides, nitrides, and other refrac tory compounds. It makes it possible to fabricate both dense and hollow spherical granules with specified physicochemical characteristics.
